■cvifhn lliii)iillq.cvinll pilnill nnl(<ll iiiiiiiii] pll 
gALUl jJjlaJj (U*fcaiJ 




ojjL^JI 4_>j jJj 4_uIsjJI jjlj^aJI ^J-i^Ll! ^l^-U L_xJj Jl1]I J ^/i Ml p_JL*lij 4_al_*J| A-uj-uujX 1 ^JU-uJ 
^jjju J-t^al] ^Jl£L!I 4 r ^_ LcJu9 jlj^L_uVI <J^*1 ^j-^ (jL^J^Mj ^JLjlSL) ^JLcoXI 4_)Lui 0 ^JLcj 

.L^IIlo 4_^jlZUI JjJlSI <-al l^X JIaj 4JJI 
l! i^UJI SjtaVI r,U^. Ju9j 

4j1 ' ^ ' ^ j 4^L^3lJ J_$-*JI (jj-t-o c— ) LJ Laj a ^^sl^o 4-Lg.lc. c_x_lIL_u I (3^J £ 4_x_ijjJl1]I ^aJj^jJI ^Llj ^_ 

^jJI ^^JUjtil ^1 jJI 1 4jJjJI c^->o Ct i^JLI i—cjjJlLSIj ^_JL*lij i^UJI 4_L^u_ujJLlj J-**] I 

i^jfcHJl (jijj 4_aj^UI CjIjL^II L-jL uH^jI 4_uLl^3 ^JjLuj ij^p^ CjLc joi^j^o 4-il^jJ I 
j^C 4_L! I ( j_«c (J-aG JlIII 4_ljJL>JI oSJt dij Ju j_daj ^-Aj ^_a1_UI j^iajj 0 t^ajJ 4_cl_«JI 3jl jVlj 



L^JLqX ^j-^ (jr^l^JI J^ljILvVI CjL^sjjsta (—^jlIj c_3j_<_u 4_ujjJuJI 4_ljJL>JI 0Jl& ^_ 

^JLt-tTuVI ^Ltajj C-cjjjJlII ^Ltkjj Ju^uJI ^Ltaj JlLc dJ^JLlj 4_^> L>Jl 4_$iajVlj JlSIj 1_£jIjj>*Ij L^j IAjl^ I J^j 

(j-aAij 4 A ^j-fj-^v. L^JblJL 4_jjJ^J CjI J^_>.J ^yu-pJ*. 4_ljJL>J I 0jL& < u £j pj Jl^J . IjUr J LjjJsJ 

^jJLl Ljr uj\j^=2 4 £a|ju>J| 4 CjLaL^zaJI 4 (3^>il < Jj^jltl 4 J^LiAJI 4 ( JO J l)L^=3lII 

. L±tj^>JJ ^^jLc jJjJj ^pJI CjI jL^^?l C;r ic c_3j^juJ| ^jJ <-_3j_<_u dllj^ J 4 C-cjjJI A~ZLJu2-a 4 

: 4_ulHI 3jtJwjJI 

^Tu-t-u dJJjL^sj 4 £cJI djj^>JU obj-^ ^L-^^l 6 eiJj^JJ 3jJl^ 4 L±tj^>JU ^J-C- J_j_4 

3jIj^>^ 4_j^j J ^_Lc 4 l^^L>JLl 4 j<a A>| 4_J Lcj Jlj^uJI ^LtiJ ^^JLc c^j^jlIj c_Sj_<_u 3Jun.jJI ^Jl-A ^_ 
4 4_^vL>Jl lx-oln dJj^>JLl J I 3LJLI ^j^-j^j <a < ojV j I ^ <; li.iJ ^JlJI 3jIj^>JI p r o j djj^>JU J-Jwl J ^1 

c j_«j 31_lII dJj^>JLl ^Ij^Ij c^j^c {j-a ij\jj>J\ |<uj LjJ!>L>- ^pJI j^j^lil ^jL-^S <jJLSjl^j 

. I VI 11 pj 



: SjuIjJI SJt^jJI 

4 4 4 4 ( 3 T ^p-!l (j^J ^Jtj 




4 4_^aJUJLl 



-cv'i rTl n II 1 1 ij n i llq -cv'i n II p 1 1 n 'ill finlnll niiiiiif) pll 



djj^>JLl ^ u\y ells 




: IjjlS c-jjjull (J3^3J Bjl^jJI <>Jl& Jl o^-i 1 Ju£. 
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A* JUL* 




4 Jl>JI 4 CjLcL^3lJI j>j or 4 ^^-SjJLl or 4 j>j lJ_ JoJ 1 4 ( J_j_^jlll 4 ( j-uj1 ^aJLl 4 CjLjI jU , 

JlcLcuJ ^jj jL>ij| dJJji^sj yjj O-^ 3 ^-^2->Jl 0 Jufc 4jj1L>o Lt ^AieJLo lLILlA (JJ^*J c_3j_<_u oJt^jJI 0 Jufc 
4 j rflfl CjLa-IK jjj JljJl>iJ dJJji^sj 4j L*_Lt_<-u 1 j£ Jl_o 4_2j^*_oj c__<_JLLsJ( 4_ul ^3 al ^JLc 

4 4 4 4 J^AiBjjJl ^Jj 4_L!lj 



_ r _ 




^L$jV ( j__jJL( Jj-^aJ 3 Jl_w|j ojjJ J I ^LL>iJj 4_ijL_ o1_=_»jjs_<3J ( c j_u_l__mJL! Jo I j_tl) I ijuj l) Jj__jJI 

jjjl L^jliiwl J_.| J_UjVl 4_L_.1_3J OJjjJLt Jj^jJljl Ol_=J_^OJ ^jJjJ-JI Ol_=_»JJ?_<3 ^J_JU3 J-^JUJ JjLIlSI 

OJ -=- 11 (_Jj_2tI(J <U (Jolj-tiVI 4_l_.IjjJ 4_tjL(j) ^jJj-IjJI <J_ L_=_j_*jO Jc J-Jjl oL_=_jj?_<3 ^__ul ( J_li_JJ 

J j ^ — ) J_==Lui _L L$_= (j-^lj er-^-^ 6^ 1 i^Uj < nVI Ji-I- ^--^H *-=j-*- 

4 Q J (7*1 uJLl 4___jj_>J| 0jL_> 

4_jJVl OLl_=3jJJ (J __CL_=3LJ J}__jJJ 4_C J-OL?_4 LjU3 J^jJJ - _Jj~ J (J aJ-=- U J_=_-JJ <3^>il 

ol_C C-l — — >J, | 0jL_b J_^JUJ 3jL_-lj 4_l J____jI (J^J (_Jj_5C-4J (oj_JU__JI 4_Jj LlII 0_%,jjj() 3jJL_JI 3j^L*.t-> 

j I CjIjIj_j>JI _L LjJLv. 4_l jU 4__ol_-w I Jo I j-JuVl 4__l_.Ljj C_l _=_j_>J > | J.<v.Cl-l(j- j l-sj-loJI 4__uL_ BjjJlJ 

t^JL Lo_= L^jI_I jJ_u_ul Lju-u^-J Ljl_u cjI_=j_>JL) ^1 jj I 

.^cJI ^.iMjU^Ni ^ .o 




(j^J-il J>J-4-C ^JLM\j^=2^ 




i_u Ijjj i^j^w L) a J L ; t^3L^JL! AjjjpJI l^=Dj^i\ oXf^ o'^I Jt^>^' £b-* (3^A' ^^'^ ~ 
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J I 4_jJJpJI 4_^=>j^>Jl Jj_j>o ^jJI (J-^jJLl -*J-^ (Jt (jnj^-nU ^ ojJlHI JJLu J_u^> jllI ^IjJ ^ jJL .(JjiwVl 



C-l-L-lZu l_3_aLjj9 J J M<tl CjLcL^zaJI J)j <>rj ( J_SjJLl Jij l_> Lt_Li_i-u La ( j_SjJ > I 4_JLc ^ ( ^£jJLl i-JLc 




2. 1 ^ ci^jU , 






- n _ 






: 4_j I jla-L^V I 

°YY* ^ *UfJL> BjjJLl 
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J-_=dQ1] 4-jJLc .V 
(jjJ-H i__>. .0 
( Uj t «j o Jl_l>- J^l_>^_3 3jJu_ .V 

t^VL) dJLSi JLuj LLlJI aILlII SJ-iILLtl >P-^ ' J--c 0.3-=-- l£>^] ^-<m^ 



_ A _ 




4_j 1 < oVI JljJu>o jl 4_>l t o^U ^>Ll_>I i_jJU-C 4-^^ cIUjlSj ^jLjlII CjIjUu (Jjjl J>6^ 

o Jl_C i_l jU , ^__|_(_u jj 3 jLcl j ^JL>^I JlJI ^ ^ < oil JJLl_> 4_jl_lLj ^-4 * , 0 j I Jl__l4_> 4_il jU , „Vi 

L-clr^ ^JL^jlL-uI (J--- 3 <H .^-fc_>JI _|_ ^ t I u-l_--3 a 3j_4 J-= ^_ ^^ClluJJ ^-4 Y J I ^II^ C_Ij_4 

SJUJI ^JL-A 4_^Lv C_JL>0 3j^_S_>3 (j^J Olj=J_>JU 

lLL_>i_ LLLlU c_JL>JI j_4> ^IHI ^jJJI .4_3l_>Jl l_JL>JI _|_ ^Jtit2u_uJJ dJJj ^ L) ^iiwj! j_4>j ^jLajJI 

:4.LLlU c-JL>JI 

tilLJtl L__JL>JI C-Jj-t-- 

£_Lc ol__JL>. ^L__=jl2w! 4_A^L_<_u ^ Jl_C 4_Jl_>. _L_ C-(_JjJI J J cJj-^ JL_J^pJI ^LjJL ^3 «J " 

^jl (J-A JuV ^VjL>Jl M)tl OjijjJj JjJ^I ^J^jliw ^ilL>tJ ^.IjyJlj ^J^xll 4-jIjUm)VI " 

< U ^ ^.l jyJI Ju^pJ 4_u_oLuo " 
4jj^ t oJ lyJ I Jl_lL_uI ^j^-n <jj " 
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.daj-jJI CjL^=> jjkII CIjLjI jU , ,,1 ^_ d>ljl_*JI i^ajj>. ^_ ^=jj^h .1 

.4_jJ1_*JI ojlj^>Jl d>L^jJ dJJi ^_ L^j o^_t_i_£=3 4_ajlJLa . ) 

.J^QU 4_lII_C .V 

.^jjjlltl ' La-j t "j o Jlj_>. (j-'^ ^Lj oj Jl£ .V 

^ t^a-pwj ^llul i_uL^3uol .A 

S_^> j*X\ oL^j^Jll Lai .LuU^ 

juj (j-C j^-AjJI J-Jj»>. jLIUjj 4__lII_C ij^L_x-oj immU i in^T J dJJj-JJ .(jui-t^aJLj L^_<-aJ L^=3lA icLL^ 

^_ (^jLojJI j^-AjJI JLJjLJw J_3-*-t_<_aJ ^>l_£ 4 4 >j^tlUl ^jJutXI J^^-> t ^jL_uJ 6 j£ AjlC 4 4_jJLc. 

_ n - 




7. U w JO Ijj) jJLu-uJ I £-3 ^.iJLojJVI 4 ^3 J J (jj m 

4_^VJ Ji_3 LjjLJStrt J I Ljjp_t-LL4 

claJt cis j I JlJLc ^ lr ^j-oj_^3lI I ii.Lg.idU Jl^Iuuj oj 1=3 t i ^yj Ij J^3_tl/ ^ \c ^—J-O^JlJ I 4_JLjJ^ j3j_JJ . 4_A_uii^ 

cSj^juj .A — ) J^— ^_ 1 j^jLLJoJI j1_ju!j JJi-C. ( a SjIL^ j^jI I call 4 ^U;^ ^Ljjj) La! J^ljIL^VI 

4_^3j^ 4_^>*jJ (j oj 1=3 II ^Jl^- 4 rtjfcj (J I 1 o^—i . ( jJj^>iJI 4 n mi j 4JlL>. Jj I q oj^3 U (J-^lj (J-* 1 0^?*^ 

uxJI 4_jl_^jj|j CjLjcILflJI p StltJ J 4_jl jU < „VI j| Juv | 4_i_uL>Jl ^£ j^tl (J_£jJ 4_jl j U> » <<V1 Jj^I J oj^3 1 1 

^J -L t —J aJ 4_^JjJ^ ^JLc oj ^3 1 1 Oj Ij^w 4_jvj J ( h a jI(J OJ ^3 1 1 J— L) ( J_JjJ^ (J-C ^j- j -C O JjJ I ^Iji (J I (J M j ^3 1 1 
L^JL U 1 ♦ ♦ 0 (J I JjJjjLJI CjL^3JJ^Q OJ ^3-11 (J-"lj J-^J^ 3 ^jlj^ J jua ^ . JU^-pJ( ^>^J LiJj^>JLl 
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: jjli&l^ 

^LojjIj ( J_jJjI(JI ? j_<_u ^jLjJI ^j-Lt-Luj c^jj^io c-t-t-co V cI^jLl^JI j-u-lTu (^^j^jujj <JL>JLl Ijl-a ^_ ^jj + 

(Jl L^j| 4_J?tIt£ £_LtJJ ^g^jJI (JjLJU3 J J \ \ a <^—\ \ \ ^_y& 4 5jt*n cLaJt <MI j-U-io U ^3 flJJ 3jlj^>Jl <L>.jJ 

^ A * ^^LlLo ^j-J j-L-LtfoJ 1 JLl^jI 4_j?cIl3 4_jj|jJ| ^jj_^3lJ j^jLLloJI < . ( ^J>JJ C-lJ3jJI (j u ^_ LjJ^iiw 





^Y - \ , \ ^ t\ 
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^j— ^ *j ' ^> t (j J— <-J ^ L^— 1 L)^ 3 ! J-^" 1 ^ ^ \j^3 O " ' ^ ^ ^J^ 5 ^_La_<_uj .J"^ ^ ^ ^ ' " ^j-A J^""* 1 I Jl>. 4_jJ1_C 3 J jj*. 
.j-LlSI J^-i m( ^ V — ^ J^-i M«j . JjjjjJI Cj1j=jj^<3 IL. ^^jJLkJI dJJj JJIjj * , * * V ^1 * , * * V 

4_jL$JjM < . ( 7T) ^_ 4_jIjjj ^3 <n ^ JlJI j-uJI ^JLc (JJLLsjj 2_I_UI ^JLl^JLI ^_ L^j^j bus 3 j^iJ I j jJ_J I 

^<U-JJ .4jjjj>JJ 4j>*|jVI Ju-b ^lj=J>*l ^-t^ < (J-U^J jjJI ^JjJ ^Jj-^ (J nj^-n U J-L) (j^— »J I jlj .^jJwL_u 
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tj-u^jltl ^Iji Lfej^tjJ c-o*(jJ| (j-ol^iJ! 

.jlAJI jL^V 4_lII_c . Y 




^ j U a j jJL-^c iVj_^JI ^j-a ^IjJlJI I jl-a ^J_t^> ^J-j-x^ jlSI ^Iji L;r lc Bj^JlLII j 4_jJ1_*JI cjI jL^>.VI <^ ItVn 

^j-a J_l^> jltl ^IjJ (jj ^lI<j .CjI m^-iLH 4-LLt-tTuJ dJLSi £_uj 4 U^L-J1 AjSjUIIj 3 jl Jl>JL) J-lco jUJI ^IjJ 

^IjJlJ (Jjt ir^tl i-jL^JI Jiwl Jl_i l> uj ^nlj L) . ^ 1 — ^ J^-» mi 4- 1 0^ i—Jjill claJjJI j^oLl^uOJ 

^<U-JJ J^Vj^jVI ^r\— t-t-L-^Ib (^jJLl^JI 4_jl_^jJ| 4_<_u j j ^—aJL I J j^JJjwJ I ( j_«c 4_C j Mr^jl 4_JL>J| ^ J-dJJ Jj-t^ jUtl 

^JtifcIL<_uJJ . JJl_C ^1 (JL$JU_<_ul ^jjj Lj Jl_J 4 M^— >jj 4_JL>J| 0jL_& 4 ^ul_C J-^JStrt 4- J— LJI C-(_Uj3 

l^jJLii^ J_l^> jlll ^Iji jt£.L_u ^jj-^oj 3JL>JI ^>jl-a W — \ J^=3iui ^_ 1 o^-i iL^Us (jjJu-^ ajL^j IjLp- 1 

4_j L^jJ I J-L><-t I U j) ^~^J 0 1 S-^^iJ (j "J I j-L) < 1^ <> St i—cJ jJLo j L^-uijC J-^jlj_<_uj j l£> * ' ^ 1 1 4_jj L^j Jl_lC 

^pe_j-^JI 4ju-bj jLiijI o-L^D ^ U ^LHj ^Io^ 4 ^-4 V ^ I ^ JiJ Jl>. ^_ gj-^D t i BjuLOJ (J T J-^ ^Jj 4 "^ Lp * ' ^ 1 1 

S<jJ ^USU I JlA jLl^JJ I J^— ^ mi (j^ic- cki-^ jUJI ^J-^ ^-L^ (JJ)^~^J J-tl 2_ 4_jl r «VI < oJ 

(J^J I ^— ' II J jfj- ♦ t^W (J-Cu\ ^JJ| ^J_A (J-^=3 J J JlcL-oU C-t-t-uLuO (JLSUjI ^jJUJ 1 ^^—^ 4 C_xJ jL^tlti] *J | J ^3 1 1 

p t a OJ < . ( j^ipJl Jj^ < *ntj . ^ — ^ J^-> mi 4_ 1 0 i iJjLc J^-n tliJ t^—i \\ AjL^JJI j_u^j . ) A _ ^ J^-n M« 
C1c_uj J-^J i A KttLj i-jL^lLt (jr ii_<_aJI 0"^' jjr^- UJ ^3 fc}S^\ J^-^L^ (jr^C- J-^L^ J-^JU j ^-1 tl 4_jl 

ijf-a oj_Lu-£ ^_Ll^j (J t u-^ jIlSI ^Ij JlI (j^L^aJI AjL^JJI ^_aJ j I 1_.1L>. .4_l!Ljl]| CjI ^^^1 J-4J5e_u 4_J jJLa j^cLli-l^j 

^-JLc ( J--.t--> jlJI ^Iji < ; < -= jj 4 L^jIj 4_JL>JI < _t 1j 4_JL_v. 4_ jl (j:jJLc___JI S-jL^jJI ^j^j ^ j j ^—^j Lc_jl_Ic 

^J-=3 ^1— UjVI C_-(__>iJJ 3JljJl>_JI 4LJL>_JI OJ £=3lJ . ^ t !^' (J L<^t-Li-u L J_^_>_1 1 4_lL>. ^J|j_JJ ^jojU_=u<3 

j I ^J-l-l-o jILtl ^Iji £.1— L>o! ^ Jl^. Jl^sQJI l_-<_>iJ 1 ^J^*" ^ * 4 4r ^—^J^^ M J L « ' J ^~^J ^ (Ji l>-^^ 

^rU LjU ^L^tJ 0 nj ^TlII J_pa ^1 (jLiJijJ J T J_^jltl ^IjJ 4" ^1>^1 j! ^L-^tjVI ^jV 4 L-x J^>ltl J-^ 4-j|jl!l 
^IjJ (Uj jl jl—lIiwV 4_x^> L>. (Uj f^>J jl—QiwI 3j^>-| (J-^t-LiaJJ .dsj^O (^£^1 SjJ JU I JlA m^JjJJ .SJsl jl^_uVI 

jj^tlu (jy lj>iJI fj-C ililjJI CjI jL^>-VI ^jV .4 U j jLji^o ^j-u^j jUJI ^Iji L^-t-Li-u 1 ^Jlc J t s> h j 4_j| VI •(J T J-^ jH-tl 
m£| ^jLt-aJI 4jla^J J I (Jj^l 3 j^o ^jLp^VI C_J1_C. 4- (Jl!-^ J"^^ ^Iji ^OJ^iJJ 4ji_fljjJLl 3jlj*J>i_tl CjL>-jJ JlIc 
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Jj-A-O jUJI ^Jji JJ W — ) J^""» Ml 
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( J T U-0 jUJI ^IjJ (J^ <^-ntl ijL^jJI L_Jbv J^-> mi JJ Y * — ) J^> LM 



.Y^ - ) 

.£cJI ^jJij^JI 4Je_Ja_aj ijwjjJLlj jJjJLlj ^Ul iie-L^oj ^tlJl (j-uJj^J -0 
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YY- 1 J^3 A 4. ^Jl jL^I 
^LaSj YY — ) J^— 1 A 2_ 1 obj^' fJ^- er^- jL ^-*d ^IjllVI -iL^j • Y 

jjjJ^j 4Jji^j j^jJll ^ * < ^ oLc ^i^- ^j-y j-^j ^jIjUVI jIjJLaVI .Y 

t^jJLl 4- Laj^Ijj ^l^kJI .0 

.Y 




3^1 ^ 
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oj or I 0 J^-i inl .J>j_ojl]| CjIj ^-»JjwO ^ f o I JlJLl^jj i^Ll-l^j LlSLc (J-flji-Lt-oJ £ Cj|jL^>*VI 4_ojLili 

3 J or I j_o ^u-j dJJj ^jLfljJj .4_l!L*JI 0 Jufc JlIc 3 JuJui oL^L>ojl JljJ J I ^-ijJ J"^~~*» II j-jjjj 

3j or I j^_LoItJj .CjLjI j) U f oVl l_^_ujI<J 1_ jt_u ( J_^jJLl J>j or (Jj-ta JJlj?cI<jj .(JL+— io^M j-jLlu < jr JLcj ( J_^jJLl 

da j-tfui 1 i-uLfi CjL^3j^>JLI ^_ ( 3^>ll J j or j^zjljj .Llo^ ^JLclj 4_jjjl-^> j!a^d\ o J or ^JlA ^LxjI Jjl^o Lo-^ 
4^jj>»JlLo J-oL^to dJJj_^=3j 4 o mi ^7 o r i^jjl^=2 CjLjL^j CjIjJ 3^ i « ' +l'~ , J~- L i ^-^-'-'■^ C^->^ Lo j_<_tiiLo 

^ Jl-A 4_i_ul_^ Cj LLu_u_o (JLo-*IL_ul 4_lI jJLo j^Llu-qj da_3jJ j I Ljla (3^>^ ^ j or ^ 1jJ>* I fl j^— 1JJ 3 Ij^CjO j^lC 

CuJjJI J-t-^JJ .4_LcL?t^ CtJjJl] ( ^jJLI -^J-^- < ; f ^'J .(3^jdl -ij-O-C J-J-O^O ^Lul ( J T U-^jI(JI ^jil £-J-0^>O L_-lJ>iJ SJL>J| 



^ j^JlI!! JjLjljJ ^j^td ^^^iiw L^j Jl^j^ (JjJwVl J-oL>dl Lo! .^jJLl Jj-oX. ( U miJ ^_ jl 3jJl2JI (JJlj) Jiiwf 
l^ojo t^aj 2_ (J-aUfcJU jJoLJjj .^LhjVI jLjuVI CjjLojj JJl-oUI ^-cuLlSI 4 Jij_oJt]| (Jjds 




L^Jj I Ju-t-o I J 1_$jL_u1JL<3 Ju 1 Q-^d 4_pe_La_<_u ^)I<jjL>^ Jjj^jJ 4_u_aJJl_j (J_aL>JU < . c-i^jj>J I j_4 ^)^5t^JJ .J^jJJ 




^_ 1 > ^)^>L>iJI ^jLcjJI j^jJLj dsjJitXI c_JLl^JI JuJl>JI £y3 ^h^jj J^jJJ -^J-^ 1 J^>Jl J < ^jj 

:ULiJt e^L%J! ^jjjj Yo- ) J^, A 

^JLt-tTuVI it* it ^ j CjLoLo-^JI da-uis CjLc^Lc 1 ^-Ac J Jl_>*j .V 
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Crankshaft 



_ it - 




C-cJjJI <Ut iie-L^c ^Jj-l^jIlSI j^J LlloJ I J (j a-L^D U J-^J o-l^d jlj ^^J-il c_JL>iJlj ( 3^J-ll ^J-^-*-! 
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Crank shaft 



Cam shaft 



Fly wheel 



Piston ring 



feeler 



micrometer 



Bore gauge 



Gasket 



Engine block 



Piston 



Cylinder 



Piston pin 



Crank shaft 
journal bearing 



Oil pump 



Sump 



2\\j[ VI 



Connecting rod J^>J! 



- to - 




jUmiVI jl^-wl Lc .V 

S^uIjUmiVI ^jJLc I jJlc 4J 4_^i j 4j|jUfMVI ^JLj IjU .1 

SCjLjI J K < «VI ^)OJ I J CjLllO-^ L_x^3pJ ^-C . "I 

S^jojLjL^lII ( fljl la j ^Jfc Lc .V 

S^jojljl^lII j^Lui eJijliaj Lc .A 
S Lull I ^I^j! ^ La A 

S< ■ M^-ipJI < . ( L^tiaJL-Ll 4-u-olJ L j-u-lTuJ I 5JL^>j CjLtHS L-x-UjJ ^jj^-nj < r!j^—> . ) * 

S(J_u^> jIlSI eJijLIaj Lc . M 

SJ_u^ jHI ^Iji LjJ ^j^Ij ^1 jL^VI ^jt Lc . ) Y 

( J t ll^ jUJI ^IjJ J-cLtc <—JL>* < . t-i^jjJ JulC 4jLcIj^c <-_^>o JlII Lc . ) Y 

Sj^SjJll J j) <;r eJijliaj Lc . ^ 1 

S^jJLl jj-cx. jJI cjIjL^VI Ct a Lc . ^ o 

S^^-n jcLajJIj ^^-» jiLL-uVl j>jI jllI (jt 1a_c Lc . ) 1 
SlIJj^jJL! iicl^D Bj^UL J-cX- J I (^JjJ Jill c_jLu_uV| j^ail .W 

^iii^U jJj J J^J-^ jlJI £al Ju>JI SjljLa Lc . ^ 

SdJ^JL I ^-l<jl>. 4ILp^^Ll^ Jlc ( jr ic ^^=3lj>iJ I ^j^"" 1 c j < . Y * 

"j^U j^jlj (^jiJj L pJI t_jLu_uVl Lc .Y^ 

_ n - 




. oLjI jUmVI c^-jjpj dJj^>JU J^£. 5^>^ :3j)JL^( 



- YV - 




CjL^SJJStrt C-(_)l_^3 £ I J-t-U 0 jL^jJI ^_ 1 ^- < ^- uu ^Jl^JlC J-^cl JJt] L^L_U ^JL^I JlJI J^ljUjV VI CjL^SJJStrt 

d^l J-UJ VI ^— gLllL^jJLl I— )1 >d I J flT 4_i2JjJi2 ^J-JU3 ^<U-J C_3j_<_uJ OJjjJI 4_ljl_<J Cj L^SJJSCjO J I OJjjJI 4_tC.l_}J 

. ^oLjlSI Jj^da da j^lJwVI J £_j|jj| da J- iTui I J 4 3jJl_SJI daj_tl< 4 < La * <<MI da J_tl< 4 l—cCC—cxJI da J_tl< t 4_jujVI 
L±!j^>JUj ^-lZLl.jlI 1 L±!j^>JU (jy-b Mill cl^- L V 4 <?h^a ^\ J_J I ^ I (jr liw| JlJI ^jjIo-VI CjL^ajj^c ^U-U-J m 

JlJIj (JLt-iuVl l__x_Uj>J CjJU5eI(JI ^U-J <—3j_<_uJ . 4~co L>Jl cQj! Mil J I <J T U-^> JJ ^Jjij (J nj^-n a <J^a 3 jLcl 

^j-a . (jjlj-I* J^-> mm dJj^>dl CjLjIjU < ul L;r lc isldaJI j-jj^j ^_ 4lL_^l jo^l 

4_3j^JL>3 J 4_<_u|jjj 4 ^ J I ( jr La_<_uJ J I ^oLol j| LiJj^>iJLl J-^J i-Bj^C dJJ JL^SJ J^-JjJj^iJl 4 Jj^-L-L<jJ I 

^u^l! (jjjUj j-^jj Jj-^o^ ^ 4j^1>o U J^Li (j ^Vt^ 

4 4 4 4 M^^jlJI 



_ y a _ 




.4J 4_jLu-^JI (3j^J <-iIj^>JLl J or 4_uLl^3 
^•IJJI JlJb'Vl Ul^jJW LAUI^J 
: ^j^LJ Iajj ijr Jiw| Jl!I ^IjIo^VI CjL^sj^s&a < Luj^aj ^jj 

.Lit J^e-JL! JjSjil ^Jjls ~ 

. Jl j^Vl jJl JL^d til - 

.4-^1 11 ^j) or SjIjI (Jj-ts ~ 
XiSj$\i jl l$jj>j ciJjj^) l±Ij^>JU i^jjls - 

(Engine Cycle) Jdti^uljj^ 




^d^Juaj ( J_SjJLl J>j or (j^HJLcL^s pO_<i] L±!j^>dl ^L$jV I o .3 Jt^l jJI 3jjJl!I <J^L>- Jl^Ij 3jJu9 

^ A d^l J_tiVl 0jLJkj.3jjjL_!l i_tcl_3j (Jjj^JJ J I ^jJj^Jj) 4_x^> L>JI 0 1 J L)-t-a] 1 ^_ ^ JtifcIL<_tJl I Cj L^=3j^>JL I 



^Lq-coj (3-^*-^ ^oL*JI ^L^-co ^~^JL9 4 ^ jda_<_uVI J JieJL>iJ ^jJj^nJ (j^ic J-<L_uV (j a-L^3 t>| L$-^P 

^-^ii-A ^oL*Jlj c_xj5e_<_aJ I ^Lq-^o ^j-^ ^-^3 03^ = *-*$ (jA^ (J! (J " J^~~*» U L±!j^?el<j dsLiu-^jVI dsjuli (J^L>* 

:SjJlSJI ds j_tli ~ ^ 

JJl-^J J J 4jjfc_tTuJI JUlLcuI ^£J>j_JJ ^-JilLc VljLc p-A-fll <\ i^>\\ ^L^s j>j dsj_tiiJI |jL-A 

j^jLj C-lj>iJ 4 ^ 1 1 dJLJj ^JjJj 4 J^L.u! J I a-L^D 1 1 j_£Ju CU-p- d^i ^ da_JL>d| 

J-o-*jj.3jbl ^j^c jJjjj jj^jlI! abj J (J! (JaA' -^j-^ J Jrj-^ >dl ^Iji ^Jl q^j^U ^^ic 
u (34>ll ^j-^. ubi J 4- L^=3j^>dl JljJiiwl (j-^jdl ^>j-^ i-^lju>dl 

tjOLstJl do ~ J 

.^^ii^ c- lzz-lo] \ ^\-o-u2> ^jj^auij cdsj-tiJI Ijla (J^L^ ^jH^c pj^-nj (^jJI ^ol_*J1 ^L^-co (J^L^ 




Sjt3*l j 4_oJ (J^liw (^jLjlII j (Jl_*_tiVI j cLaJt uaJI j i-c^clo]! 4_JU_C.) SjjJlSI ^L^jLj c— )L^= }j >J>I dJJj ^ 
Jjj^JlJ 4_jI j U> < >.Vi jl Jlj>iJ (cjI— ^TlB) jj_JlL) Lc 4_^LjlL_uVIj 4_jI j U> , VI < oJj^jJLI Cj Lc Lj_x^J I 

.Y- Y 

< La + <^> JlJ ^JLc 4^<9pj>JJ CjljLiJI 4jjre_tTaJI ^JLt-tTut ^<uj ^JLcV jl j-tfu-t> 1 ijL^j q u_l^d U Lc JlIc 




.dslj-iVI 4_lcLjj Cj[^=dj >J>| a jlt^jl ^LL>iJ ~ 





i^iail SjjjJI Y- Y Jf^ul 



_ rr - 




Cylinder Arrangement uLil^Wtflu^p 



^j_o ^j_^=ujj 4 ^LcVl ^j-* J kftl Jl-L^. V e_9j^>. cU-luJ ♦ V J^-n mi (^^JLc dJj^>JL) - c-j 

(j^lC CjLjI jlo f o^l ^j_o ic j-o^c J^=3 CU-l^ p j-dj uj a claj>. ^_ L^-Lo CjLjI jto < <(VI ( j ) -A (yCtC J-O^O 

4_L_<_alIl_j dJj^JJ ^L^jjlj (Jj-ka j L^3-dJ CjL^3j^>JLI ilLlj j^lqIuj .J^jJJ J>j or ^ojL>- cr^- Ljr^ (J-* 0 ^J^J 

J_jLo ^3 tj pjrt" 1 1\ Ct i to -v. ( jr ic CjLjI jto < «V I j_j_o->. ^jj^nj 4 p yCi 1 1\ \\ dljj>%X\^=3 »(J^LM tiJj^>JLl ~ 

.4-uLu.ajl jit^l dJj^>JLl ^1 Ur J^zaui Jjl^ ^_ dJLSj ^ 




dij^aL oL>i ^k^yi t^jjpi ji^^Vi r - v j^u 



_ rr _ 




(Number of Cylinders)utjljWir! jjla 



(Cylinder Numbers) uljliWtfl^jj 

3 jLcl l_-c^>o l±!j^>JU (l-.ul.uz jj) aj, <;T Jl_lC I Ju*. <jr^J •cJ^* L-^jLv (jr^-J L-j-Se-uA] 

dJ^>JLLj CjLjI j La t tj*$\ L_i_ujlt] 4_u_alJl_J dJ^JU < kllL>tJj .4_jI jU i „VI ^jojlAI! ^J_lx^> jj ^Jjij gj-^D ^ (J^ 3 

o-*j c-^_uj.l!L) 03^=^ ^-ullujX\ j^t-Ui . 1 - Y m. 4- 

c-ljL>JL) i_L>.jjJ| ^l^jVl j dJ j^e-Ui l_JjL>o ^l^jVl (J>>^aJ ^Lp-Vl j^ti ->>-^' S-^W^W 



(r) 



> * r ^ r * 



© © © 



00) 
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(Firing Order) jU2)My£>} 
.^jjJLl ciJ>L_uf j! JUuiVI obu^i ciJ>L_u! jj 

.0- Y Atb 















2 


£.y£ 




13 4 2 
12 4 3 


4 






1 2 4 5 3 


5 


15 3 6 2 4 
124653 
14 2 635 
14 5 6 3 2 


6 


16 2 5 8 3 7 4 
1368427 5 
14 7 3 8 5 2 6 
1 3258674 


8 


13 4 2 


4 




v JSLi > 


14 2 5 3 6 


6 


18 2 74536 
16 3 5 4 7 2 8 
15 4 8 6372 
18 3 6 4 5 2 7 


8 


12 3 4 


4 






14 3 2 


4 






16 2 4 3 5 


6 


1 3 5 2 4 


5 






13 5 7 2 4 6 


7 


13 5 7 9 2468 


9 




12 3 4 5 6 


6 







CjL^ >^aU ^atLkXl pl»J>U 4-u-al]lj J-wdl JLu^Vl c-t-U >j 0" Y J^-» m, 




(Cooling System) ^jj^tJUju 
.oLJtl ju^p aU^I 

( jr lc Jlj^uJI JjL_<_u J-^juj.CjLjIjK m«VLj (jlj^lISI JjLt-u) ^LjJLl < j>Ll!I Jlj^j ^LIoj ^_ : ^Lf-ll JupaJ ^LteaJ 

.V - Y J^ui, jj^l .ebVl 



Cooling 




fljfSl Lja-ui ^ajj-o 




;! II! I;! !'! !' 



^LJLl ju>jj (^Lliij 1 ~ V J^— i m< 



_ n - 




(Ignition System) JL^tff 
JU til J jVl 3JLjiaJI .^^liwl jJI JU lu^\ jjxla 4- -^>" JUuiV ^ll^jiitL^ ^LlLu_uj dJLlA 

^_OJj3 <)ni is> J^Jj^ia ^j^VI 4 7) 2 J h ] Ij (^jLjj (g^~"> (Juj^jS) JU-ujI 4-t-Q.io ^ I JlitIL<_u L) 4jjfc.LU.il 

. £ S-jJUJI 3j Ij^eJLt 4j?l_lIj Luli J ^3 jJ I J-ClluJ 4_j I j U , ,,V1 ^ j, ^ jj | ^jJi^v JlIc_ j £ 4jj Ijj>. ijvj J 

4_jJLc 4-^jJl! ^Ij-jJI <Ui tiaj (JjjjJI CjLj= jj^a) CjLj= j^>JU £Jl^ » (CI) iUi rML JU m<I CjLj= j^ta 

(Camshaft Drive) uUlSJ! ifulKjatt J2j 

4_jl_lLc Jjj^-Ls Cj^Lj lLIL-lAj 4 ^1 ^3 1| J I 4_^=3j^>Jl J-<2J iJLj^Ls c_cl(jl>. lLIj^j^JLI ( fl-iJ-uaJ v j^~" t q i 

^_ 1 ^J-U^pJ I J I J^JjJ_>J I J | J^L-CXiJ I J^Jj^Ls ^J_C 4._^=3J^>J I JJL ^ILj <*-U_p- 4 4_^lj=3Lt I J J-^Jt] 4^=3^^] I J-^jJ 

A- Y j A - Y ^l^, 1 :, 

^_cuj>ij Bjj^jJLI 4wcIj=lII j>j or J I ij=j^>J| JJLlI j^j jJ_^J I ^jL^ILciijj :j^Jj>JI (j_jjJo ^j-c 4_^aj^>J| JJij 

.4^1 ^U^uVI (J-ufj^l j! LiJj^>JH 



_ rv _ 







(Camshaft Location) aUL£]t:^j^ 

.(OHV) iiljk^VI ^Ij ^Uus SJbjuJI ijOMHtl 



_ rA _ 




jn ^3lJ a jl <Vi f d^U 4_j( ^ mi ^JLc iijLc CjLcI o <^tl £— 4_uL^3ucl ^_ jJl I Jl-A JlcL<_uJJ 



. ) Y - Y m. 4- (elJ J^II ^-cu>o 4^1^.11 J>j-o^) oljU-iil j £^Jl!I (jJjis j! (ijl 

3jI j^JwVI 4_al 11 or J-ojuj c-^e—t-ojl CjLoLq-i^ 3jI 4_al > J>j-o-C J-ojuj t^jJij^-O 4— aL^a or 








IB?' 




















: ~- : 



OHC 4j^1& 4Ut£ 



OHC ^jte- 4-al£ 



DOHC ^?-jJ> ^ 



(Normal Aspiration vs Turbocharging) J>^^ctiJi J^o 

^J^>JI < U * <^ 11 4 qjM Ij^i^JJ (^J-J>J1 cI^JLl^J I j^U l_J Cu_J>iJ L±!j^>JU J 1 4jjfc.Lo] I JU t il^ulJJ (^jLc L- cSe-LdU 

J_oju ? I ^j-^wLti) ( J_jjJ^ {j^c dj;j-L>*] 1 ^jj?c_tla] I ) dJj^>JL I ^ri^e-tluj ^ujj : ) \ ~ Y J^-i ( ^j^) t£tj^>JL I ^j^e-cu 

£)_o ^jJJl I Jl-A ^_ ^u-jj .l±!j^>JU 1 j^-nj iL^-m a 4jjI (jJj-ls (j^. J-o-JU J I ^jLjlSI CjIjLc ^L^Jul j^jG Cl>j 






^j^jjjj (j-r^Lli (J^J-I^ :<-fjj-><-l! (j^-Sc-iuTi] 4_^-lT(je-H J-J^l M - V i mi 

(Engine Location) 3jUuJb^jjm^j 

^^j^jlL^-uJL I ^jj^zauij ( jr aJL>JI ^jJjuJIj c_jL^=3jJI 4-LuL^=3 : ^jhjUl^ illj^Jd 

LiJj^>JLl J-Sj j a (j J ^~^J <1*-ju>. <Lu-bLjjJI oljLu_uJL) aJl^cIu-uJJ ^AL>JI j^>Jl CjIj *j « ♦ 1 1 Cj I j LlluJ I ^_ 

. ^ X~ ) (J^a lL jJ^jI c ojjLlII J-^-t-oJ L$_a 3jl_u_uJI ( a-t^ajJLc ^_ 





(Engine motion) ^j^'^j^ ^Ll^j 

jj^ul (3£>^ ^th'jj^ ^=°J^ lJI Jj-^ ^=l^ 
JJwIj jljjJI JJ^^ -o U o-* J^-n Mftl ^1J!La jIjj j t>>c ^Jiielu-uj :(J^-i jIjJlJI ti]j^>JLl 

4_H ^u-j (dsl j-i! 4jujVI) 5JLoL^3 dJjj^a .) o - Y J^-> ^_ U-^=3 o^l^ J^-n m» CjI J i^>c- 

^— J ^ to J 1 Q^— > jljJlJI J-L^JtU 



_ n _ 



Y 



4 K ^/U ^jL*JIj.<Cl<-uJ 6 Y ~ ^ il^^j JlSjUJI ^_ 3jJl_2JI I Jl_lj i Y - ^ 4 V> gj ^{ft h - J 

Y - Y 





-it- 




(Alternate Engines) JdjJuJl uLS^i 

<J^L>. <J^-I jlJI ^1 ^-^ tiaJtL>ijj j^5c_uj q\ JjLt-u 1*11 (j^ic- <-kj)+ ^-^-o-lI dJj^>JLL) j^jJI ^l_t^_j 

I lL1j*j>*X I I Jl-A c_s 3^ £)->3J .j^>JI Cj jJj ^JLc j^jG I 4jU jLiJI dJjjsta j^Iljj .^JuLlI Vju daliw ^La_^> 



_ tr - 




_i=u$->J .dJj^>JU ^l^-l^jj <; r ^uLjJ^ c^^llo^V oJJjlLo J^j^laj 3jl_u_uJI LiJjjsta lJlLl 



.ji^jJI ^Llkjj ju^pJI ^1 kij j ^JLt-tfu^l ^LIoj 4dJj^>JLL) cjLoL^-l^JI 

.4_uLuJI OJjjJI J I 

.BjjjJI ^l^V J^jJll Jj-^ 4 3jJl2JI 4 dai <MI 4 C_<J5e_<_aJ I ) 

.V 

J-jJI Jl_j^j jl (^LlII) ^JjL-j-oJI Jlj^l1^=3 dJj^>JLL) ^sLiJI Ju^uJI ^Ltaj l-.cl.jLv. djj.j>JJ ( h u s> j 1 o ^— ^ 

.3jLlL(jJ1-J 



- it - 



Firing order JLuiy I j3 



Compression 
Ignition 



Diesel Engine JJjj cd >^ 



Compression Stroke lUU-^VI 



Exhaust Stroke ^oLdl da^i 



Rotary Engine jIjj ai jj^a 



In-line Engine ^Zl^ cd 



Spark Ignition Sjlj-i JLuij 



Gasoline Engine (jjj-u cd 



Intake Stroke 



-coil (J^^_CU 



Power Stroke 3jji2JI isjui 



Fuel Inj ection jjS^J I 



_ to _ 




.LiJ j^>JLLj CjLjI jU,„VI L_^jpJ ^itLkXI ^\ jj] ijujl J^ajfl 

S iLsjJu-^JLl jjljJIj *I^JI il^t-ti JLjtuiL) !jlu ^jJI i^j^M da I da^_Ju I Y 

^oLaJI da j-lL - l_j ajJuLtl da j-lL - I 

daJLtiaJI da j-lL - J L__<j?e_<_aj I da j-Ju - ->■ 

.J^jdl £)-<<3 <^JI 4_icl_3jJI ojjjJI ^_Ll!j^>dl daj-tl) ^l-^->^ ~ V 

4_flJ £-Jj ~ l_J 4_aJ ( d 1^3. ) ~ I 

CjLcj-l(jJI Jl-lC 4-jJa^5tJLc 3jJl3 4J 4_jV CjIjL-ujlSL) ^LuJI dJj^>dl ^Jtitlu-uJ V :JjJL J jVl ^^lAJI ~ i 
dJ >->dl Jj^jJU m.I jJL^I 4_jV CjIjL-lJL ^LJlSI ciJ j^>JU ^Ji^L<_uj V : JjJL ^Lill ^ ail 

daJi3 ^lijl - l_j daJi3 JjVl ^^IflJI ~ I Sjc_^> L^jI 

cjL^a j^>dl 4- ^-»L^U-^JI j oljUiJI J-Juil! ^jJI ^1 i^U. liJLla ^^o-jJ : Jj^j Jj^M er^' ~ 0 

4_al_^a 4j ^pJI 

daJi^ ^jlill ^l^JI ~ l_j daJi£ <Jj^ c^ 1 -^ ~ ' U <g J I 



cv ifrig lliii)-! illq.cv mil p iln "i 1 1 fin I n 1 1 nf ■■■■■■ q p 1 1 




. ^LtaJJI ^j^a-st^ i^jjj^j 1 or 4_SjjJ^j L^ojLIojj 1_$jIjj>*Ij 



- i V - 




^LIL) Jlj^uJI ^Ltaj . ^IjyJL) Ju^uJI ^Llajj ^LIL) Ju^uJI ^Ltaj : L^-A Ju^uJI 4 <a la ) I (j La 1j a ^jLcjj lLILlA 

JJsLj ^LioJ JlJ^C 4 ii^jLtJI ^LlaJ 4 JU^uJI i^Jj^O 4 ^jlj^>Jl ^ fct Ul 4 3l_JLl 4j5T (S> A 4 ^jIljlLs I J^>J I J I CjLliJI 

^aiitj It Jlj^uJI < « 4j>*L_uu<3 ojLjJ lJuLcj J^zaul/ (jrl-C- ^1 m<I (J^~"» t ( jr ^jL>J1 ^_La_<_uJI ^Jj-ajj 4 \ La cIa 
4444 (3^3^-11 ^il'j 



- t A - 



J j rt" < dJJ .(i-J^Lc 4_jvj J V V * * (^j-L^SJI 3jlj^>JI 4_J>*jj) 4_jJl_C. ojlj^J^ JlJ £lJ JjJBjJI dJj^JJ J)j^>iJ Lc Jl_lC 
3jljj5t^=3 L^-La I VI 11 i_.cjat.ia 3j|j_>J| La! £ 3jl_u_aJI dJbj_?_jJ 3jlj_>JI £ Jufc £ya /TO ^_J| £ya dJj_>_U 

^-JLcj .<_dj_5_^JJ 4-<^-|_l(jltw CjL.uL.1j J I ^JiJ_j e__'j__<j dJJi (jL- 4 3jIj_j>ijM 0_L_b ^^IV" \\ ^u-J lilj .SJljIj 

: ijJLUI lJuL-^JI 4J Li] ^jJt-JJ Jlj^lIJI ^L__j 
.<_dj_5_^JJ (J-jj-JuJ I 4j>*jJl! £Jj__ujM (Jj-*- 3 J-^ " ^ 

.0- rj^i) 



- £H - 




f Ij^il Jjjjj ^Uaj fLaJl Jjjjj ^Uaj 




_ o * _ 



:(T- TJS^ )fUliJjU j »Uijfl>i 




- 0^ - 



(Coolant) jujoJIJSU 




AJ^Lc J JlIc Jl^fcJJ 4_j| 






oj 1 j^cJJ Jlj_>. ^j^l uaj al 











4 jlmm (Ethylene glycol) JjL_u *UI e_aL^j ^LUaJJLj ^LJLl ^IjukixJ JJLZJ j 

(Water Jacket) ^U) j^Ol) 



(Radiator) (jMb^ jJ ( ) j^Ut 

XI JjL^ai] ^IjJt^S £-All J-4JU -L$^^' *W <Jl -Vj^' 



4_d 



_ or - 




(<jiajLilj (j!j^>- Oj^j) J-uiXI ^Ij^l ^~ ^ J- 



:(t- TjS^)5^iUI>i 

. I Clx-LpJ Cj^Ll^j L^jj JjL-ulII ^jj^tlll ^Jiitlu-uJ l_JL2JI 

n l-^jjl O^AH 

<Jjl_<_a]| 3jlj^>Jl JJlLuJ 3jlj^5eU ^j-j-t^v jILSI 4jU^_<_u £pl_JU3 (^j-A> J ^j_aj-iVI J I (jUjL?eJJI 4_C J f < ^ 1 1 

c_<_uLjV1 ciJUj (J^L>- J^_lC £^JlJJJ *\ J-jJI 3jIj^>iJI dJLJj J olul! \ j Ji_j^uJI cJljLcjj c-c-uLjVI 






- Oi - 



(Radiator cap) jiH 

.JjL_uJI ^LlIc ^*J^ ^LjJ^ ^ UaJj I ibJuua ( jr ic <J-3-*^ 

:(V- rjS£)g«ttl»Lb£uttj& 



.GIV 1 'k*'^ i J SL - JI '4^) ^LkiJW c^i 



-Y 




_ ©o _ 




(JjLl^JI j <U* <M1 <jJLp* J I 4_j c-l_uJLI dJLL>JI J_3_*j cu_p- ^JJtl J^Ic i^tl^ ^^JLc ^All ^1 Ur < t 



_ on _ 



(Overflow tank) ( aj>2JI ) jttttll j!> 

4_)j c ut\\ dJLu-^^LJI ^jlj^j>iJI £-Llojj ^jiajLaJI J^-JjJ^ ^-cuXLj J-l^jj ^jlj^>iJI IjL-A 

. ju^pJI JjL-oj ^^LaVl j^=3 j3 o jLj i^Wi ^ dJLSjL^sj a! tx;ti Jiwlj J^dQJI 4jUr ^ JliLj 

.Bj^iLua ijj^JI J I JjL_oJI i^Lc^L) (JjL-oJI ^g ^L-o>a ^_ ^j^^rtl ^p^jju 1 o^-i c ijjJLSb (JjL_aJI 

(Water pump) *L4I 

rj£2)0Ltl2Mfefl>i 



- ©V - 




(Hoses) uUUI 

l_$JL*_>ij dJLJi (jL^ i-jj^c 5JLl^j L^jj^sj ^_ I J I ll!j^>JLI ju^lll JjL_u JJLu I c_>Li] 

.CjLjI < «VI I j j I c_xj5e_<_uJI £^j?e-^j Jj^jJLl Cj LL_u jAj I Cxjj_u3j ^Ai> I <J u^J ^jJjlSI ^j^ISI 

. 4ir c-fjre_t.u 4_?t_pJ Jj5eJL>iJ ^1 ^-LII I JlA ^dj^uj 

(Thermostat)_ ( £>tj*f t j*U*l! ) uLuyj^ jif I 



- OA - 




.0 * ~ V J^— > mi) ^ h [\ ^JlC ( U t < ^gjj j^pG Cxj>o ^jJjL^a ^1 o <^ttl 




.^JLjlSI «U; J Ojlj^J^I (J^JStjJ 4-L^L>* C— )1 I J-^J 



_ M _ 




I 



3£ 



3 



31 



.AJ^lo i^jj ^ ) ~ AY 

(Cooling fan) Jujull^jj^ 




iJU^ B^Li^j icj^<_u ^_ gj^ Lca^l l ^-tlXI J}L>. jULl ^Ij-jJI l)\ ^Jj^' d-*^ <S^jU -^^j^l 

.4 f^Vrfl C-JljLo dJj^>JU BjIj^jw C.-l>. JlJI 4- J Jl -«-^ J^J-p J J l±Ij^>JU ^LL>o V 

4_£sl_xi^Lj I Jlj4> 6jL-caJl icj^cal i^t_£tj ^Ij^JI ^l_3Jul icj^caJ ^1 dl^jVI ^j^-i <jj i-JUJI CjLcj^_JI ^_ 4j! U-^=3 

:OV- V J^-» mi) L^jjI jl iJLt^uj c-.ct-.jLv. i>jjJtl £j ^j! < o2j ^j^-n <n 

J-L-UJ J}JjJ^ £yC J^BjJj 1 >» JL^G (^_JJ>iJ Ij^J >L^=3L-^q J_<5_*J i^Jj^ _ I 

(jia^j 4-J • 2 jJ=lJIj oLJtl iicJ^ 3 ^J>H .i^jjJJ 

.(j-ii-ll ^>L>ij| ^^lc iJ^=3lJ (j£jX\ -ij-^- CU-p- i (J^J- l -L uA .] 





4JVJJ^3 ~ C_J (J J > il 1 1_3 J I JU 4j>.Jj^3 ~ I JU^-pJI 4j^JjJ, 4_oilL?sJLl )X~ X ^£ 




(!) 



. it . 




3 >l vj>iJLi oGj 



LJLc <^^j>j c^o- V J^-» mi jiajl (SjljLstU ^L-ajv) i^wjj^JL! (^jlj^JI L> ^[21\ 

Jllcj 4_^J)jJJ JjJu ^iajL2JI J^JjJj 4*jUjtl 4X-j_(_a] I JlulS .^^AjlJLlI J^lj CuJjJI <jLjj_<_u 

4-jwjjJLl ^L_S J-x-^> j_4 ^LlaJLl ^jj_^3lJ JjL) dJj^>JU jLfr^aJ LoJlulS ^jIj^w ^lluLc 





(Radiator shroud)^jj4U^^>« 

. W _ T J^aiulo ^_ 1 .i^JjJLL) 4 t«»j^.t \ 4j>^L_ul11_J da T JJ>iJ ^_JJ>0 £_tii_ll ojj^j-^J 



( BELT )"Asu*l\ j<u 




77 " " ** 

V J^-i mi ^Iz. ^Ll2»? 4j JLa-ljj-i^u (c-j) V J^-i mi ^ylg, J^^-u iSc (?) ^ A- T J^-i £u 

(Temperature Indicator) I £gM 

(jail cuj>J 41_uLjj^^3l!I jlJL! ^ UjU^ ^ > oj V * - V J^— * ^ 1 ^ ^— ^ .( V J^— » ti) ill j U 



. : ■ 





llSiBI 




(Heater System) iiiuiJ^Liai 



_ _ 




L^jb^* Jjl j ^All J-<5-*j .dJJj Jju ^.tiJLl c3£>^ o^- *\ ^j^l (J! ^ Xi' *-*d!>f-^ (Ji <-^>>*XI 

.*UI 

ic^J 1 ^ b'j^ a 



Coolant 



Hoses 



Radiator 



Water Pump ,i_Jtl 



Radiator Cap 



oLUI 



Cooling System 



Air Cooled 



Water Cooled 



Recovery Tank ^uji ^13^ 



Belt 



Fan shroud 



Cooling Fan 



4jw 



S Ju^uJI ^LIoj lJijLIoj La ■ 
S^jj>JI ciaJuJaJI ^^-\ dajLua Coo Ju^uJI ^LteiJ J-aJU liLl " 

Sju^uJJ ^ I JiitTn-u I c-J^lC Lc " 

SdJj^>JLL) ^Lil o ML JjjuJI jL_JLI <J-a-c. La - 

S^-lu.U g.1 Ur <j-aju < ~ 

: £j!mX \ ^LLajLl CclulaJ ^^jJI 4 AjtAjtl La _ 
.*JJtl 0 Utj - 

. JljIjJI claJuJaJI c^j t^alu ^_$-<_uJ _ < 
. Ju^uJI JjL_uJ ^LlUJI ^j_a _ . 

.JljL_ujJI £jj _ 

. ^ LJu-tJ 1 ^jj - . 



T 

r 

t 

0 

V 
A 

^ • 
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- V* - 




A* JUL* 



Ijlj-^JI £_Lcj ( J T ii2jj L^JL^Lj j_Lcj dJj^>JLL) 4j=lL>JU ^ru 4 ^->j^>Jl l ) t l^uj L#j jJj ^pJI ojLI^jjM 

^jlj^Jw 4 djj^JJ C_«_jj Cc-iJjIiJ! ^LIoj Qj^juj . ^ <;r SJLisJ ^JLjJLjj djjj>JU $. I jj>. ' ^ J-^J dJJji^sj 

J^UUJ-A 4 CuJjJI JlJwL^ 4 CuJjJI jlll^ < CuJjJI 4 C-tJ jJ I J^tJJU 3j|jU_u4 4jJuJL>iJ| C-cJjJI 3 1 t S> d 4 C-tJjJ I 

LiJl ^"OH j e_al_j>JI l£]Lj=1^VI ^ ciJ jj>JJ Jiwl J CjJl>j l£]1j=l1^VI ^ £j jjf 4j}^ elJLijfc . CujJI ckiLx^ 

^Lkj 3*Ui= ^juc 4JU4-l£JI^l1^)?I ^ a3>HII ^IjjVI *ju* ti-apj <^5>>JI ^L^l ji iiil^"OMj ^jill 

^uj I JlAj 2 ^ Uj U t \ aU,„l jj Lc! dJj^JJ Cxjjjj ^uj . 4_ul_uJI CjjjjJI j 4_ljI j_ij>JI CjjjjJI j 4_uJulII CjjjjJI 

CjLjL^jj jjL^>JLIj ^^-t-u I j^=3lJ I J I C-l_ujHJI (jJjL?e_4 CuJjJI j-^Ju ^ ^^Jl CuJjJI iie-c^c 4 U mi! 
. BjIjJlJI iie—L^JLlj (jojj^ILJI CjIj iie—L^JLl ^ ^ CLc_j£pJI CjLie—L^c (jLc jj d!l_J-Aj . ^cJ I.... ^J-t-u^ jjJI 
j-j—iis jj ciJJjLJ=3j r_! LLaJ 1 jj_l(jlo j n"t \ ^Jjl ^jj 3 Jl_^jJI ^Jl_jJ a dJl LA ^jj_j=j cj3 j (_u 4_jL^JJI 

4 4 4 4 ( 3 T ^JJ-!I (j^J 



- V ^ - 



Friction 4152**1 

lLs jjt tiaJI jwLJ Lj C-<_>i_sj o j I j— >J I CjLj>*jJ cJsJttitA ^_ 4_^j( J aJljlhi <Lfljla Jj^j ^jLg-ti> ^JLujj 

Cu >iJ 1 C ^_La t-u 1 tj-p-^* I J ^ 4 Q l^—l 1 1 ^ r * ^joj Lo I ^_La uj J ^ JJ V 4 1 1 <_3j AJ (j I L_-< >iJJ 

.iJUJI 

^_ oJJljlLo ^ I I "4r ^3^' dll ^alLvVl CjJl^oj ^JuklLcaXI O-JjJI i^jjj j dJl ^alLvVl m« 4^Lca^ 

- VT - 



Properties of oil Cuu)ill u^j} j*)^- 

t^Xlj 4_allitXI JjJLiuJI cSjja-b JlIc 4lL>-jjJ i^jju loL^o^l (^JLc 3jJl2JLI CaJjJJ (Jj)^ij I . Y 



IJu. 



«^JJ ^jL^^C CuJjJI ^jj^-nj ^jl C_-<J>iJ .^l 



_ vr _ 



liJj^>JL1_) ^^-ulj^JI J ^-nh ^^i^ J-^ju ^3>LJ( ^j-a lijj j^LUlSI m 

. liIj^oj sj^Ijji *!>>>Vi 

jjJLi J-^jj jjLloJI j-hc <i>^il J>^y! UL^l 



- V t - 



jlS <jJJjl^=3j cjLcL^-l^JIj ^j-ojL^lII cjL^JL^ ^JLc 4_lj ^j^=2 c-.ct.uljj (jljlbwVI 4_JU_c < MWi dJj^>JLl jIj 

.^jJ>. 1 L- it-U I (jj^=3LJJJ C-LjJJjJltl Cj^JjJ 6 JU O^jVI j^y^UU CjjL>iJ 

£j (j^-JtJ J 1 tiaj c-f-t-uljjJI oJLjfc (jj^l ^J-JL^j j| i^sj^tlll 4jIj^I J-^G JJljla ^j-* 1 

J}j_juj j^_<_ul J-Uj CLcJjJI CjL^-aIij^c j| Jl_<_ojI J-^ju <jj-L!l £.1 Jj_<_u ^1 jJlII 4 \ \ 7n 4_j_L&_} oLc 3jLlC (j^J 

4_^Liw 4 j <a ^ l Ljjj Ct-jipl < . ( An" ^j-c S-j^jIjJI ^Ij-jJI j-^L^ SJIjI ^^JLc J-^ju L:r ^j 

.itjj^JI (j^jpil c^jjJ 

.c^-oJILSI 3j^I j 4_ C-cjjJI 



dJLjl j iii ^j-a 4-CjJ_^JLl ^y-t-ulj^-iJI 4_i^>liwj 4_uJulII ^Ij^Vl 4- ^-»^>^ (jl <j ^ <1J ^jJI J ^QJI 



.0 



.^j-uLjcJJI 



Kinds of OilsOdtJ^lu^^j 

C_l_J(jJI I Jufc ^Jiitlu-uJ dJJjL^=3j 4_lH_«JI 3jIj^>JI CjLvjJ JlIc ^-l^jJI £ya ^J^ 1 ^ £jj^>J| CuJj 

Measurement of oil ViscosityC^jJl^jjJ^L^ 

0 * 0 j | jjx. 4j>*jJ JlIc jJL>0 I A — IjO g. Ilea] I CtJjJ ^ 0 * 3jljJ>^ 4_^j J JlIc Jpol 4_^.j J 



.((j-u ) S.A.E. jj-^jJI ^l^jVl qjla ^ (3-> l '^j ^ * 

Specifications of Oil ^jlJIQ^uU^lj* 





S.A.E 10 
S.A.E 20 


4_I j_u_ojl ( M) jIL<3 


S.A.E 30 
S.A.E 40 
S.A.E 50 




S.A.E 60 
S.A.E 70 



"lOw- 30" r- - i • 4u>ui ci^i c^i^ lil 

. V * ^ I J t^aj 4j>*jjJ ^jL^ iI^L_u CuJjJI UJ^*J Lc JlIc Lcl 



- VV - 



Lubrication systems <^>j4 1 Cugjj 

.da Ll^JL) (J^jj>iJI CxjUjIlSI .V 

I I Jl^ 4-JLjdaJ I OJ^Jt ^ K°\ 4 <\fi\ I LiJj^>JL I \j-=>- 1 £-J-Q->tJ C-l_UjIlLI 4-JLjdaJ I 0 JL-A ^JLc Jl-^jju 




4 Mft^jdaJLj CxjUjIlSI 



4 La < < u «ti 



- VA - 



•cAPW Cx iJ>^1 (3^^ 



CjLoI o <^tl j—^ljj oJ or I (J^Ljw CjLoI o <^tlj (—SjJLlSI ^J-Lt-jgj 4_Cj-o^c JljljJ C-cJjJI £-3JlJj ^j-oj ^JjwIjlSI 



- VH _ 



Parts of lubrication system Cujj%\6jZ\*tfe\ 




.(dJj^>JJ J^L_ui c-cjjJI ^ jJI j-^j) <^>^ ^-^j^' ul>^ 



Lubrication Process CuujUl ^L£j J** 

( ) - t )J-£=JL_tii 4_ Uj-J-^ 1 <^=o C-t_JjJI ^jlj^ C-t_JjJI c-.(jTtt-L<jLj iie_j-^JLl ^j^J L±tj^>JU JlIc 



0_jjJI Ju ^jLu_uVI ^Jiwljuj LoJu£.j L^jLu_uI J^>*j_il j^-pJI iie-L^Jtl ^JjwIjlSI C-cJjJI ^L^j ^joj^pJI 




- A ^ _ 



< t I j^Vl C-x-jL^iJI J I A < ==^J >« 1 1 4_La_<_ul J_t_u^JJ 3^(_L^=3 4^Ll(jlU ^JJ^3lJ Lc JlIc (Jj^ Jl!I 




SjljjJI c-cjJJI SitjL^o (V- i) J^-n ti 

(jj ^~~*»J^ C-c-JjJI iie_Ja_rt ^ j^v j^pjtjj CuJjJI ul>^ L^l ^^^-ij ^ Jlj l^pJt CjI j <\^—^\ c^cjaejv ^Jj p fc> )[\ J^jl^ 
£jj%.jJLj JljIjJI C-cJjJL) ^■o.iujj aLq uaJl aJj 1 La I , I Ju>JI ^( C-cJjJI i La * us J uaj Lc JlIc CU-l^- cC-tJjJI 

.(1- i) J^ui^cr^ U^o'j^l Jl 



_ At - 



1 j^jUjl 




J^JJLcj ^^luLc c-cjjJI i to * <^> ^L^-co ( i - i) <J^-— » m( 

( OIL FILTER )c^J)^ > ^ 



^UlluUyjVlj^j^l ( \ ) 

.(o- 1) 



£ujJl £*ala JS*S 



1^ 
(') 





jllii ( 0- 1) J^-,,t,tl 



- AS _ 



^clij 4_^L>JI ^j-c Jl^IjJI (Ui <MI li cla_jjJI La! dJj^>JU ^^Ij^s 3 jinn ^jjj dcJpl J-^JlJ < h\) 



J^iaJLj C-L-LJjJllI iiJj^e_q-U 4j5e_ii^ ojLclj CLcJjJI Ll!j>_>JU lm\ ^_ £_IL ^Lcj ^jW^- J-^J 




_ A© _ 



- AV - 



Oil pump 



Oil relief valve 



Oil filter 



Oil cooler 



Oil pressure gauge 



Pick up Screen 



Oil plug 



- A A - 




_ AH _ 
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• ( >^= 3L ^ ) D^J^- jU^ ♦Si^l (fit) JjU^JI 



- 5 ♦ - 




(j^j^lsu <J ^Ltaj I 4 L^L_uIjJij iollitXI JU_tI<VI 4 ok i| ^j^tl) ^jj l_3j_<_u oJt^jJI oJJt ^_ 

SJaLLaJI gl UrV ^Lh-^^' J^ljLJ (J>->J 4_aj}LJI ojlj^UI Jl-lSjI) ^J-^it <^Jj^>JLLj 4 o tV&l ^ufc! 

^jP^jJ^I JU j ^Jl-iIZJI JU L^fc LTj-Cj-j (Jt JU 4_U^ul p m.^m . ciJ >->JJ ojl 4_^l^-»tl 

(^J^SjJJ J J U\\ jLdM 4 ( JO J U3>LlJI £_LLj9 4 JU £jJ-A < JU LU^\ cJlJLa 4 JU ^LLIa 4 4-JjlUjtl 

Lcl . JU-CoVl Cj Lt-^Ju 4 JU-tTuVl Cj Lt-^Ju J_)Lt^3 4 JU-tTuVl cJlA^=3l_4 4 0 J Ij-JuJ I J^>- Gj Jl2j ^_ ^^3U5eli] 

£jJ-A 4 JU-cuVI < h\* 4 JUuiVI ^Llla 4 AJjlUjtl : 4_lHI]I ^Ij^Vl UJ^Ti^ 4-^/(^-1 tVl JUuiVI 4 o tVlf 

4 JL+— co^M Cj Lt-^Ju J-jU^— > 4 ^-Jj^l^zaJVI p^T^Ii-Il oJlj^J jl J^jJU-l^O 4 ^JL>JI 4 < >n *j 1 1 JlJj_4 4 JU— cuVI 
( i^*<\\ JU—cuVl ^1 tVl : ^ As SjL_jjLC 4_UJ^1^3JVI JU_tfoVl 4 ptVlj ^ MirtM . JU—cuVl Cjl—t-^Ju 

(JjJlj JU_*i^M ^Lioj 4 4 t>*>\*(\\ Jj-A jlSj^o JU_til ^LIoj 4 ^^ij^il 4 < ^ j r 1 1 JU_til ^LIoj 4 ^^p^aJI 

Juu . 4-L.tialjjjM CjIjLl.luJIj ^Ll-^-uJI CjIjLu_u ^_ < La £3 ^JlseTlluJ ^JuMj ( dj 1 1 <Vm JU-tToVI ^Lteaj Ijwti^ I J 4 
3ju>*jJI 0 Jufc 4_JLc ^jIL>iJ LI J_aLi ^a-StJU lLILlA QJ^~~"J j_<_u oJl^jJI J> Jl^j JLt-tToVI 4_4-tsjl 4_<_uljJ £y3 ^L^jjVI 
^l-l-l^> jjj Jl_jJl>iJ l£JL!j 4 0 W i j> Jl_^j 4_aL1I (^Jl_ a 4— ^juuaj 4_^li2jj (—x ILLaJI ^jIL-l^uc JJl^kj ^jjjL^Jj 

. JLuiVI Ul^iV ^j>UI oUJisWLt 

4 4 4 4 (J^J^-SI (j^J 




c-.ct-.jLv. l±Ij^>JU CjLjIjU r «1 Ojlj^iJI £jL)^f* • 



- ^ Y - 




if 

: La-& j (jrpj^l J ^^1^. ^gjl>«j ^Jul21tl JLjuiV) ^Ltaj Ll^jI J^-n Mill £-L& jj 1 




:(^JIjIl!L) (jiaJLiJ LjJLl^jI c-cl(jltw) ijJLjJI 

.(JL^VI olWJ ,U; ^l t U^jJLl) l£]>L.V| - 



o— - 
15a 



2\ 3( 



1 -=tr 




6 6 6 6 



JLjLuiVI oj^jIju Aj^jliJI Bj^IjJI Y~ o J^— > mi 



- Hi - 



(IgnitionCoil) JU_tfl 
.(cJji ) o _JHY o^j ^j[pjj JIjuSiVI J\ 

CjIj 4_uIjlL)VI 4 tij^lll Lg_>^_i £-dJJ .£-_i_»jJI Jjj-aII ^Lstill (_1Ll,u 4_C jJLl__U oLilll jjj^-i 11 _Jl*JI 

J^jw Vj! (^^jIISI < _U1 < cu_p* J______tL> U___* J^t- U-aji^I 




(Distributor) j>&Jt£}>« 

jj_AJI (JJ -=--^L? j (^^__3_J_ll)j1jJ-ll j l-UlJI j £jj_$JL1 JlSI Jj^jjlSI 4 La < «l <_JJ_ ^UJ 



- - 




^ A ^ / 1 i ( U x « ^ 1 1 j C-u^jIlSI p ta Lq .V 

< ^^-.tl .A 




Llu> JLjLuiVI Cj Lt-^Ju ^jjl eJiill (^JLjiJI Jl^j>JO ^^jliJI eJiill jLu 4_^>*j2j jj-tiJI A tor ^ jJL 




(Contact Breaker) ( tjpibVl ) ^^211 

2 j^l jJI J ^ jVl^s c_JL_JI <rUMLa t^-moMiJI j_LLl! c-c^jJLl <rUMLa < M<n ^IjujVI 



.(ju^UI ^Ij^f £^JJ V 0 J^=3lAJI <"»1MjU,„V| 



jLjjlSI C-lJ-uj ^Cj^j 




_ HA _ 




(Dwell Angle) 

.^jj^-i > oil aj^Ij j ^joi^^Liji jJ^l^ ^lioj (j^uj v _ 0 j^-> 



JljL_u 




- n - 




dsL^j ^)^>jJiw 4_£^Ljl!I jj A - 0 J^— i Mill .^Aiiw (Jjj^ 1 ts> J I CjJl>iJ j CjLcj^-oJI £-^-^>* J^r- 




(Condenser) Jl & UI 

J t^ajj j^VI c_£>j 1 1 L^JLu LlIL_o ^_u-^j j 4_JLjl!Ij I jJI £y3 JpLSjJI ^_jJ^ Jl>^| J < ^Tn j (j^T (JJljla m£1 j|) 

.< hl^-i [\ (Jr^i ^~ ^ J^-i Mill .^IjCbVI eJiilL) J < a dJJLoJ 

( klXI 3 j^lj £_L^ JlulS .^^jliJI ( kUI ^_ 4^tIZu_JLl 2A\%j£^-*\\ l^2]\ ojbj J-3-*J • 

4- < ^i^U 4- ^J^eJLl 4-xjLjj A^LLJL! £Jj-oj CjJlj>o l> xla>L1!I 4*Umi1 ^1 JujVI 

jJlc ^iLHI L ^cu-jLllUI JL>JU LT ui>Lj icj^_u m^jL I ju*> j ^^JL^Vl jLpJI ^Uol 




ajlj___l_JI < rt + J buj__-_u ^jo^C^Lj-SI £-l->L-- < bJ J>J_J < J-£=D jl (_£ I J 

. SjJLL) Sj Ij^-tiiJ I e2_j Ju>- ^ Jut] jl 4_jI j to m 



CASE 
CRIMPED 
OVER 
LEAD WIRE 




o j I j->J I ijvj J j i La ♦ Lg-ill jw-ilb <*-U-p- c ^-uj-TLc J i_iu_uL_- (JjjLI-3 tJojj-AJ L^LqjC ^JLt-tToVI 4ju±lL £_^£___>o j 

jI ^)__>l j-tw _§_ 4_jJ___. d-1 «1U~^ ^l^-c^jJ I j-jLlII ^JLt-cuVI * I j_>. ' ---J^ ^ ' ^ *j M 4 (Jjj-^-II i_3j__i 

3 Jl-o- 4jj|jj>- 4_ij j_x_o j_a CjI Jj 4 J5)jJ__JI j ClsLc Ju-__JI j 4 J___i_c___]l Jll_d 4 j--^ _=_- j U CjI jl_^>-^U 4_jJ L.C. 4^jl__Lo 

.0^ J icj-u-aJ 



- w ^ - 




J_^Lo ^1 lJLu er^j^^tl 4JLjl^ jj (Side Electrode) <^U<n (Steel Shell) lJL^JI ^ . ^ 

c^j^JI ^ ^m^j j (Insulator) J)L*J! .Y 
(Central Electrode) ^j^j^o <^U> .Y 










.Y 




.V 




.1 




.0 




.1 




.V 




.A 


(t^jVl) ^>UJI < ,U3tl 






Jl^IuliS AjjIj^kJI i_u^L>JI Lcl j .dJj^>JLl j 4jLLl^JL( 4-^z3j- JoJ 1 ^^JLc Jl^jju I Jl^ (JLjtuiVI CjL_u1_Lcj 

( ) * - 0 J^zaui) .(Hot Plug) iiiwL_u iju^ti Cr ^_ < _aJ J Llll(jlJ i!iwL_u 4jL^_tii]l JI^J 

.(Cold Plug) 

t^VI CjL^=> j^>Jtl BtajLJI CjLjl^AJI J^jlLiuJ 

.C^>L^3L_U_UjJJjJLl JJ^3 J (j^I^JI JUf^-pJl J^tA .0 

2U£LJI ubui)! uVUaLul 



. 4_LlUJ 1 CjLcj^oJI J 4 i^idVfll lULju-^jVI C- (-call I Cj|j O 1_^=>j^>JJ .0 
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j dJj^>JLl Icj^m i_r_L<jL>. JLjLuiVI < U w >>j .LJjtil SillII 4_La_3JJI 5_<_ul_Lo < j^ajJll ijjlj i^jjJLi j I 

.l£J j^>JLI cU^JI dJLSjL^D 

^ J-JL J .4_Cj— <_ajl Cjjlj 1 0 1^— i Sjlj— tiiJI jl_A_L4 ^jjL_dJ L_^>iJ (^.^.^j) 4_jJl_«JI AILlII 4 U Ml J I OJ-^D U J J-^J 

C-t_jSjj ^1sJ_a J-qjlII I J^J 

J fTmj ^^ijLJJI Jl_A Jl-l^ i-jj^ajJtl Ojl Utl o j 7>\\ j^jLILi £jL>Jl j-^>o £)Ljl2JlJj ^>jS I Ull 
Jj_ju icj^_a]| J_£j Lc JlIc Lcl .4_Cj-<_a]l -iLpjl U-ui> LjJ>OjJu Bjlj^tiJI JlC j_4 ^ Jl21Ll3 ^JLl^VI L^JU-bj i^L^zaJI 

^_oj ojlj^iJI jJwLUs L) iajLL!l J_A j^jLI) tiaju o tiaj ^U ^j^zsjJJ jjJ^il u'jJ^ 

.^j^jJLl J>ji^!L> JUui^l dc^^j ^Jaii ij^zaJLl c>_oj U - o J^=> aJI .<Gli ^jjJLl 

Lcl_0-5 4 Jj^-tTaJ lj 4-jl t d*$\ ^^illo-S V dJJjJ .4 ^Jf^ ^JjLiJl 4j5tl£ ^JJ^=3lJ 1 ^J^^- J-0_>Jl ^JJ^=3lJ LcJlIc 

j . Lu-uxJ 3 JljJl>JI 4.1r^_ JuJ 1 ^_ 4 alitlUI ^jLjlSI 4_i_cuJ j " " dJJ JlJ j . Lj-u-uJ L^JL^I J cI^JLl^JI J I j j 



-WO. 





iJj^=djX\ jjIaJb JUuiVI c-^Sjj ^iklo ^Ij^l M - o J^=ui 



:. Ltfu-tJ 1 3j^u_^=3 ^jj_^3J V J 



u ^—^ J_^>iJI (jj-^aJ LoJlIc 



0 Y- 0 J^n M,) .Sjl j-tUI Jlcj_a ^uJl2j dJLSju 





ajlj call j>-p^LjJ daJLtiaJI .V 

.(j^^y Ul ciaJuJaJLj (JLt-iuVI C-LjLSjJ ^ikJLc ^-LIJL>. .0 

. Intake manifold jJUI^JI Jiwju* .v 



•(^! fci^l ck^' f^J 1 
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.Y 

.r 



• U itl.j^j^Iu^/jjpJt JUui^/! icj^>J, (Jjo^jll! ajjlj _ 0 (J^suii 

( 4 > J^>J 1 ^$-iL^ (J-Lt-LUj) ^lluLc . 1 

.^jjJLI .V 
.JUuiVI .A 

p^-n ^iJU Jl3^J . ^ * 




Breaker-Triggered Transistorized Coil Ignition System (TCI) 

JUJU M.I ^JqI P^-l JjILt-r.Lj3Jalj.nl ^1 jL^"i Mil ^U-J 0 I" 0 Ml) JU AVI ^J-A ^jjJ 1 I Jl^> 

4_JL>. ^_ 4-jJLc ^j t^3j>JI Lc ( kit ' ^ ^JLt-ju^U i_ul jujVI 3j^I jlILj jl_ll jLuJl £-^j^ ^-$-<-uj j jIL_uj jJ> l^nt I 

(J-Lt-tToJ ^_ ^-^=3L5tlJI jl_U I JlJ>* 4 < ^> Sfc I ^ 4_<5_L^ jj jl_XJ dJl_J_A ^-LU> 4 JjILcQjj^J IjHJ I J^L-C J— jLt^ 

J^LAi! ^ ,-,U-.tl cilJju jj^ual * c Y 4_1*-jj9 £_Lj j ^k^^LI!! j^ j jl^-uj jJ> I jlij I 



16 16 31 15 31d 7 1 3 

u u u u u u 



AA 




6 



1= -t^ 2 



BOSCH 



1 




(Ignition Point ) JUStf' 

( i_dj^>J,l kcj-ui Ojlj Ui^= I j ^— j a JU-iTuVI Qj^-J (jl i_ cj>«j ) <_dj_>JU ic.j_<_u - ^ 

( Spark Advance )3jIjJ^I(*jJlD 

i^JVI JL^i^l iU^!^ 



.(JL*_tiVI JuJl>iJ LujjII^zjJI j I 1 j^— » /iL^-— » j a ^1 j_<_u (Jl_*_tiVI 4-q.Ioj I ^-^>- JL*-AVI Cai 4j<a A>| 

( Firing Voltage ^Ijb-VfJL^ 

( Ignition Energy )JUwVl£alia 

. .Ujl^tl JLuiV ^Lkil ^ Ut-i^ 0.2mj ^Li^i 
<jj 4_^1_^=3 JU A VI i^LU cixJL^D lit 0.3mj ^-Ll>o LuUa ^ j! L;T ix. J^jJLkJI ^1 ^ lil 

Infulences on Ignition Carac-Teristics 
.( Turbulence ) jlpxVI 

.(JL*_tIiVI 4 * (Jjla 

..ibtAJI 31 j^l 4- j^jl! fufcl ( Turbulence ) jjS^ll j^jg 4^1^^ 

.JL^iVI 

. ( (JLjluI/VI ^LI^j <) t^aj Jiic 1_AJuJl>iJ ^<uj ) (JLt-tTuVI Aju^lL £j9 

HC JJL^j 4j j I j— A <j l L-ujj [pi I 4_ -w^Ij ^gjjp-t-ujJ IjHJ L ^jl_Jl2jJI (JL*_ AVI 4_jjLiLc 

J_Jl2j <jUj ^j-c ^lij ^LjlII * U t <M1 JjL^s jl JU-AVI cA*_q.A ^_ ijjl^j liJLIa (jl^i lit 
.= tj ^Lt-oil 4 ^l^-w^Lc ^CLjV I . (J-al ^— i ^JLt-cul jlJlb L^jjj ^jLjlSI oLjj (JLjtuiVI ^j-^j 




Pollutant Emission 

iilMgj m.I c ^_«JI c ^jLjlSI cisljLc 4 jo^n ^^JLc ^ (g^jji-j LjJ JU AVI i jl A2 JU AVI 
j^uL^i Nox 

. CO ^Jj^zaJI J j < n^-i I Jjl 4 ^r^jjILJjl 

( Knocking tendency ) 
. jj^jJI j JU_i}U JiaVl 4_k2HI jujlj>o 4^,,,! 4^>L^! c-cj^j dJLSjJ j^X\ < alj ^^Jj ^jl <u jjJI 



.nr. 



Transistorised Coil Ignition with Inductive Pulse Generator. 



R ALTERNATOR 





.nr. 





o o ~ 




Narrow 
air gap 




Wide 
air gap 
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jIjJlJI ^jLu_ul 3ji^>-j-i1 4_ul j^JI 2>*^I) j^-laTu 4jIjjJu j £jJ-K J J^J^ jjiia*]) jj Ju 

4_sLl^=3 ^jl Jl_>0 4 ( jr JJ>J1 ( dJLqJJ 4_L_<_al]l_J jIjJlJI j-l^jlSI ^jLt-t-ul £-4 j^Lftlu 4_ul JyJI ojJuJI <jt 

( W- 0 J^ui) >L >JI ciUI 4- (EMF) 




7 7 



-no. 




1 16 j^uiJl 

^jLLt-ulj jIjJlJI j_J2l*J1 ^jLLt-u I LoJl-Lcj ( jIjJlJI j— l^jlSI ) jjJlj LcJl-Lc 

. jljjJI j-u2Jl]| ^jLo_ul (Jj^ cL->JI CjLlLa ^_ 
J^^tb . iJUJI ol^JI Ju^ 1 00V - Lu^iitdJtl oL^JI Ju^ 0.5V 

(JL>JJ ^Vj^juJL) ^ ;tl JlJj_4 Jl-^>* I Jl_u uaju (j-C JljlLu ^jLL t-uVI IJl_u LcJl-Lc ^j^-I aj^-^J 

(j-C JjJl_j 4_JUjlI| £Jlj4> . TZ JJU>Jtl C-l^jJI 4 U^;ti JU_tTuVl CjJl^oj . L) ^lLuj ^cu-iLLulII 

F = Z . n/z min-1 

jjpil = F 

min-1 ciij^Jii obj^ = N 
Trigger Box ^^ai jjju^ 

/ 4 1 aJLjJ^ 



.in. 




4 ts> i) \ \ Jj^~*» nil Cj^ I j _ ^ 
Jl£j>J! CjLu ii^wj^c - Y 

. 4 tia j ) \ t 4_tLojJ| ojluill 4_> L^Lt-u I j-A CjLuJI I JtjJ 4 t*s> j ) \ \ <; r 

<J-$JU CjLuJI ii^j^c . AjJljuJI jLlLj Ul AwVi 4_uLl^=3 oj^LjL^zs 4j>*jJu Jl^Iuu J_<i2JI AjjIj ~»-"\\ 4j9J 



Transistorised Coil Ignition with Hall Effect.^ JJ^^->l^)^i>saV) JLs^V) 

(B)^ MfjUlj-t-^ JLj?EjO < \ t uJ J (I v ) ^jLjj^^zs jl_pJ ( jjILiuj^J I j>J ) 4_Lco 4_t_Jj 4_>*jj^_tli ^Idj^ju J^_lC 

Jl^oLaIII ^jILl^U ^^JLc (U h ) ^Ljj^^s J ^ c3>-^ j^-)_(-u (Iv) jLuJI JJj— * < U ^ <jr^- ^-^L*^ 3 t!uJ 

^JLti] 4_j_mJ (Hall Effect) Jj-j* j^jLb ^q-iuj La Ijlj* j ((U" 0 J^=ui) u mhUjUI Jl^II j jLjlSI jlt^t 

Jl_j }L_3 (U h ) ^Ljj^^zs Jl^jv c3j-^ 4jI il ^j-ll^^LjJI j-l^lJi] JjJ oj^-inW fiJJb CuLqju-uu\j 

^jjJ J^-n ut) (^j^f Sj-a ^LjJlx.! ^ uxjlaiiJLl JL^>JLl LL o o. jJL^ (B) u MijUrto JL^o j (Iv)jl_u J>J-^J 



- n v - 





j (Vanes) <-^vl tuli (Trigger Wheel) 0 mhUjUI JL?cJL! olUIS 5JL?tr. ^ SjL^. l£J j^dll 

OV o 

n — 2 — 3" 




.Jj-& Jl!j-a ^Ltij ^ ^ _ 0 J^n m, 



(b)^)l£>j*ju c-c^L^ . ^ 





J (j <m K a .V 

.^jjll .V 
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Hall Generator aikiJI JJ>* 

(y>- o) j^^u a. 




jjjl^ 4- J <3> LiJLLi c J^ 1 -. M<tL ^^U^l ijjIjJI 4- B ^(jl-iLLlUI JL>m J^Iju c-cjL^3 lit 

jl—pJI CjLu ju^j-uu] lit A2 5 A1 JLjLuiVI ^ya-U t ti ^JljJ ( UH ) Jj-A Jl^>. er^- 4 ^ 4 C-J^B ^^11 1 

j a ^=>] UH (jL^a 1 ^j-S ^l^iLLulII JL>JLl (j[^=> Ui^3 ^^iLLjJlII JL>J,I 3jS i La UH 

. jj^iJI (j^LI^I ^ujj (JLt-ju^ 1 cjLjuj jlIc cxjIj UH I jl^j 

Hall IC ^LLsL^zjijJJ (Jj-A Sj^lj cL_>iJI JwL^LlCJ (j <nt^Lj-*.a jj^A ^JLt-cI/VI ^_ p 1 1 4-luJj ^jj^auJ 

u -L.ajj^[jJtX\ JL^ll (—cJ?tJ>iJ 0 ^ Jlt-cuV I 4_tiiJjJ i-ulj^l OjJtijl 4_tijj JiwjLJ LojL-t^. 

. Off jjLb. sju. 4- Hall Ic dial ^-,u J^s> 

- 1 Y • - 



. JLuiVI cjJlj>o instill *ju* 1- On ^ 2JL^ 4- iJUL^UI 
Design Features ftuiAil) Ola 

4 o r Ljj 4 j < (mU LuLo J I j_a ^j-^ J^^LLs V I 4 \ >r j CU->J I Lie _ Y 

SjljwIj 4tU> ( ^^zjLUI ) ^jjJLIj J^LLa^l 4_JUe - V 

dJj^>JU CjLjI jU r „1 JJlc JJu>o J^LiaVI 4±^C JJlc ~ 1 

JLuiVI |*UaiJ JASJI ijjlj ->J^>o (YY- o) J^lAJL / ^uijjJI J^L - o 



G 




YY- o-J^ui 

da-j us A A<*c I ^jJjV (JJLSjlJ 4 j / 1 1 JlJ ju^C 4JLL> aIjIj JASJI ijjlj (jl^^aj _ 1 



- 1 - 



Trisser Box ^ijSfr I f&ull &jLu* 

(Jj_a jJjji 4 U i nljj 4_j ^i^-i-^iJl ^<u_j jJ! Trisser Box (^j^p^aJ^M ^i^t^lII ( jj'- > -^- t - 0 




YT- 0- J^n A 

( oLuLtl il^j^c ) jLjlSI j^Ljt^zaJ 4_jI JlJ 3JL>.j^3 

- : ^Vl J^u ^^Sj Hall Ic Sial^U JjA 3 j^U 




Hall Ic On 

Jl! 7,3 1 >-^!l cr^ UG Jj-j* j^Jj^ j $y uj-^=^ On j 4- Hall Ic qj^j Uju^ . jiLo 

.o.sv^ 

( On ) ^1 JujVI jLHI J-lx^ jj pjlstlljjl J 

Jj^ jJj^ jl^ gj^-tj c Off JiS iJL* ( i^jJLl 3 j^IjJI ^jiw ) IC Out Put oj^tj LaJO*. 
SjJtlll iAjjJI jjUj Loju£. . jLpJI cjljLil ^-VtU Jj_& j ^ ^ LojJ^. JU_iVI cl>ju>o . J_ii! UG 

. JLuiV I eJiU 4. jujVI jLUI £_k23 ^ JuSlj^l 




DSI Distributerless Semiconduebor Ignibion System jjJlj JbiVi^LUj 

• i^tia ^jiw! ^Ij^f ^! j! ^jj^ ^jj^j J-^j 
Advantages ^Uaill 1 

4 U Mil ^JLt-tTuVI L^j C_Jl_>iJ l_3j__u ^jJI 4j1 i «VI JuJl>iJ ^uj . (JLjlJuVI 4j_U_> ^LJ__*_ ^jLLUI _)|jl_b (JJ^—M 

^JLc 4JLx_> j_a 1 <;^i^ ^— i ^j__=__) (JLt-ujj ^jjl^-coJ ^Ct^LlLo j (JL*-iu*-M c__Lc ^laJU c dJJjJ ijL?tIL_j| 

d_j__l/ 4_j1_^j ) ^(jIl^-VI J_j_tlu o j I j-t-u 1 <a Jl>»1 ^laju a t l^t-pe-co 4_l]9j_4 ^j__=a_ <j I (jO-JL^-tlJ I 

. 360° 4LaL__ jjju ^jJI ^_L_j| 

(Ji^jI j U f .iVl (J^uLa (jj^-ni (3^>^' -^j- 4 ^ shLlSI ojjjJI jlIc 



- U£ - 



4 otVif ^j-a I Ji-fJ ^jj-^oj ^Jl 1 4 £ 4 Y cjLjI cjIj oL^=>j^>JU 4- ( ^ 

^.jtia jj 40 J^-> djj^>JU cjLjI jUdil jjlc < uj^j L^jjlc JLt-til cjLLU J I ^-Ll>o ^ll^Ml ! ju*> 

£J.i>* ) <JU.il u fi\<\} j»UalII I j^fc 




boscm I • " 



( Reference-mark and speed sensor ) "te, j*Jlj JU«)M u^j ^U*- 



Li ^J-Sj Jl iaLiisVLi (_. i.iLUI CjJsjJI '£- JU AVI (-aJLa Sjl j All (3^-^l 4- p 

• JLt^VI 4£jlj 




: ( 4j| jUrr)} J^=lI JU-tTu! c h\ a ) (^Jj-iJI JljuiVI ^LtaJ 

l-x LLaH ( oLjI <-ul V c o 4 X ) Ljj j^JI cjIjI l^VI cjI i cj! ^ j^e-JL! JU AVI ^1_Joj 

. (JL«-ti(l ^1 fc> m J-$ju (jP-SI CjLjI f oVl £y3 (j^JJ JJ^C CjI j c2*j1j= 

. (j^rtV Ul Jl£_>J! Bj^jIj 4~ JljJ jj / 4 \ — < iZil ^<uj ^JLjlSI < 4 ^JijJ2_>JI ^jjjIlSI 

IjljJ . (JljIL^J ^^jui L^j cjju>o l±!j^>JU cjIjjj jj^A Bjjj J^— > ajjj^JI cjLjI < «VI cjIj o1j=j^>JJ SJl_>. 4- 
ojLAI (^JLc J_^_>o ^jl u-x) 5JL>JI ^jl-a 4-j 5_iL^3j-i£. <3^>^ ^ LLlJI 4_uJJ SjLil j^^aj c r t_u_o]l 

(J^— J t^J>o . J-^-lj l£>^ eJsJLaj J^-ul jJbl 

^/ClJLILc ^y\Jj J_^_>0 ^JLjJLj (JLt-ioVl CjLt.fl.LoJ JjLl^ZJiJI 0JlA J-L^> JJ J 4_l3jJ^ JlIc (J^JjI ^jjJl^j^o 

Reguired Voltage u^ikii^i 

LjJIj i^jjjJLl JU-AVI oliUI U^_x 

. KV jJL^zJI ^ JjJI jji^. ^LjlSI «Ut <MI jl^v BjIjj ^j! U.4 

. ^UJI iU* 4- Sj W3 iJl Iju^j ajjUJI oVL>JL) U-^ lJL (J-ojJj s-^j-^ l5>^J^' 

( 42 - J^ui ) J^lJI 



- hi - 




1Y- J^, A 



((jljIL^I u *j> \<jc) oJl^Ij t a\ BjjJlJI ^cLjj ^vL^vj Liij^^A ojjj jL_£Lc^M 4- JljwLj Lc JlIc 

. dJj^>JLl dsl J-il (J^L>- £J-*>^ (JLsuiyi < h\ a l j r Q ojjL-^JI ojlj^tiJI CjjJun. ^Jj 1 r t^-i 
i-JU-C . LJjlII ^JLlII 4 La-2JJ| ^^-lo* j^ILcuJj J-jliL J jJv JlJI aL^jUS Jlju IJlu 4 <jC 

J-^jlSI da j-cu I . J A7i) ^oL*JI ^La_^> J a2j (j I J—l^ ^ nj LjJjlJI SJLlII 4. U ^ Ml JulC |Jl_u 4_uli]| J^ljIL^VI 

3 Jl^1*_4 J_ii2j LiLlJI SJLlII 4 USitl jLJtJj J_ij9 VI (jjiSL) i^e_t-b jJJ 4 2 La Ul 4- JUuiVI CjJu>o ( (Jlp^^D 

4- ^1 JlIuVI jLlLII ^JlIu 4_JL>J| £Jl^> 4-J ^y-^L^ jJI 4-SE.ti>jJLl 4 4- 1 Ji-HI 4Jjlj 

4 K jlj^a 4 <?UUI ^Jl-A 4- ^J-j-co jjJI 4 Urn ^jj_^=ajj 4-jj I U j 1 1 J dJj^>JU ^JLc I Jl^Hjuc (JLt-ju^H eJila 

Large Valve )^U^I 4- ^ IjI ^lju 4. ^liwj 1.^11* j+z 

. ^jUii j ^Lu^ ^ ois j 1 4. ( Verlap 

(JLt-tTol CjLoLoj (JLtlLtTul Cj 1 ^LL>iJ 4._jjij^ijl ^JLt-tTuVI CjLoLo CjIj ^JJ-^ OJ^i (JLuI<VI 4 <) 1 1 




. LfcJt^jJ 4-UI'l<-ll<\ (j^=aJ L^JJ J I ( i-^LjJI j I i_uLcL!l JLt-co^l CjLLU ^_ JL>JI jjfcLa 

CDI ( a^all ^j^b JLuiVI 



^Uil ^>JI 

LiJ^>JLl CjLcj^ JlIc ^JLLc i^LLs ^laju 

Ci>L-^ jj 4- J Lull c-j >-^J Q-a CjJ^>o Log JU A VI CjLjl^ 4- ( ShuntS ) j u*2l\ J^ljJL-i >>LbV 

. JLAVI 

J^f ^ I jl-j. 3 j j ^ L^f j;] 0. 1 -0.2 milli seconds ( JL_AVI 3 jju ) jLi>U i^jJI 3 ^iaji 

4 j j Laj3 CjIjJu CjIj ^JLt-tTut CjLujJu ^ 1 JiitTt-t-o 1 < oJI J JLJ ^ 3 1 — J^-*> miIL ^-tis Aj^jLSI 3j^jI Jl!I jLjj 

*U M.ljjciUjj Spark Duration 3^ ,^Mt i-u*jJI JL-AVI 
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^JLcj ^yiaje^=D jjp-t-uj>jjjj ijsLLaJI ^jjj^5tjJ ^Jl^cIu-uJ eJsIL^zauc ^JLc ^jIL>iJ p ^3 stj 1 1 JSjjJlLl^ . ^ LtaJj I 

Jlj oJj^j^o ^jj_^=aj (J-lL-JuJ I p » ~>-~i\\ juu^[lc XCI ^Ltaj 2— 1 q . ^!L>iJI 4 la jJ II JlI j_«c ^JJ-* 0 

. cJsi^JLL ^Lj^J) JUJLI 4. ZjicA JUAVI aiL o' CDI ^UiU! I j^J JLlu.Lu.VI 

. ijjjeJtl AjsI Lai! ^U-uLila LutX I « jJLlI JJLfO ' ali^a gH ^jjjalJI J (jjJe-uJI J-£>- 
(^^jLitll Jl£j>JI J I ' au^aJtl 3 La i "I J L^aa- (_£ jJI ^1 JLjj^M Jl^j>JI (Jju>o a LLal! I I JL^j (JLlu/VI < aLa 

. ^LxJI JaJLuall aj^lj ijjieJll ilLLaJI J_^>J C_l9jJI (JmJu 'A-j . (_i^iLaI,l 



JlljVI eJiill CjLoLc J^Liw 4juj^1j ^ jJaj (Jl_*_tiVI JlIcj 400V J I LujJij J < ^ j Jt^>* < h"^—> [\ qj^ji 

4_jJI L^j j^LbV ^1 taiJI I Jlj4> J ^ J-a^oLa I Jl^ ( CI~TCI ) 4__l1j>JI JUui^l 4_U^jLj ^UJI Jl^JI 

. £JU^J 4_JU_C ^UJ 



- >r. - 




<j J-^=2LJ ^jj^tToJI . ^jJ^-tToJI 4JL>.jJ, Lj co^jlC jLuJI J^Ju £-U^ VO — J^— tfjJb D J^-J-ll • < t l 
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